The 15N chemical shifts of a series of para-substituted nitrobenzenes have been measured. Comparison with the para-13C chemical shifts in monosubstituted benzenes and with 19F chemical shifts in para-substituted fluorobenzenes, indicates that similar factors determine the chemical shifts of these three nuclei. With p-nitroaniline, the l5N chemical shift appears to have an extra paramagnetic contribution, since this is the only compound studied that does not fit the correlation with 13C and l9F chemical shifts.
n the Pople2 theory of chemical shifts, the screening I constant of a nucleus A is divided into four contributions where adAA and upAA are the diamagnetic and paramagnetic contributions from the electrons of atom A, UAB is the contribution from the electrons of atom B, and U A ,~~~~ is the contribution due to ring currents. Investigations in this and other laboratories have shown that in the case of c a r b~n ,~?~ nitrogen,6-8 and f l u~r i n e ,~,~~ the main contributions to the shielding constant of the nucleus A comes from the paramagnetic term U~A A .
If the comparison of shielding parameters is confined to a suitable series of closely related compounds, e.g., substituted benzene derivatives, then contributions from the substituent anisotropy ( C U A~) and ring current ( u A ,~~, ,~) terms may be expected to remain essentially constant. If the mean electronic excitation energies, AE, involved in the closure approximation for the uPaA's are also constant, then the contribution to the shielding constants from and upAA may be related in a simple way to the local electron density at the The series of nitro compounds were chosen for study for two reasons : firstly, convenience of preparation, and secondly, because the main contribution to the paramagnetic term (upas) is expected to arise from the u 6 T* transitions of the nitrogen atoms.13 The energy of the latter transitions should remain roughly constant throughout the series. Also the variation in the ring current (u.+ing) and anisotropy terms ( C u A B )
are expected to remain constant throughout the series.
(The main contribution to Cu.iB arises from the n + T* transition of the oxygen lone pairs, and the energy of this transition is little affected by substituents in the para position, e.g., nitrobenzene no + T* 330 mp,14 p-nitrophenol no -+ T* 334 mp.I5) Table I gives the 'jN chemical-shift differences of a series of para-substituted nitrobenzenes relative to 15N nitrobenzene as 15 mole solutions in dimethyl sulfoxide. Bulk susceptibility corrections were not applied, since these are likely to be well within the experimental error (*0.16 p.p.m.), for the relatively dilute solutions employed. that of IH at constant field) precludes any accurate measurement of chemical shifts over a wide range of concentrations.
Results and Discussion
The first point to note from Table I is the nitro group means that the expression for the shielding parameter of the nitrogen atom will be considerably more complex than that for fluorine. However, whatever the contributing factors are, they are not all expected to operate in the same direction.lO For example, a relatively strong mesomeric substituent, such as methoxyl, should increase the electron density at the nitrogen atom (l), and also at the carbon and oxygen atoms (2), thus resulting in an upfield shift relative to nitrobenzene. The same substituent is expected to increase the N-C n bond order (3), while the N-0 7r bond order should decrease (4), the first term causing a downfield shift, the latter an upfield shift. Despite the possible subtle interplay of these factors, there is a good correlation with the corresponding 19F and 13C chemical shifts, only p-nitroaniline is possibly anomalous. The amino group is known from spectroscopic data to have a much larger (+M) effect than the other substituents, l 9 and this and dipole moment dataz0 indicate that there is considerable interaction between the amino and nitro groups. Since the increase in C-N n bond order is expected to be larger than the decrease in N-0 7r bond order, the extra paramagnetic shift implies that the former term more than compensates for the increased electron densities at the carbon, nitrogen, and oxygen atoms in p-nitroaniline. An alternative explanation would be that for p-nitroaniline, the charge-transfer states are much lower in energy than for the other nitrobenzenes.21 The mean electronic excitation energy A E for the (T + B* transition might thus be expected to be smaller in this case, leading to an increased paramagnetic ( U~A A ) contribution to the shielding constant
Experimental Section
The nitrogen-15 spectra were obtained with a Varian Model V-4300B spectrometer, operated at 6.08 Mc.p.s. and 14,100 gauss, p-FI~oronitrobenzene-1~N was prepared from fluorobenzene and 38% nitric-16N acid in the presence of sulfuric acid at 70'. The product was isolated in the same way as for the nitrobenzene-l5N preparation.
p-Nitro-16N-anisole was prepared by the reaction of p-bromonitro-'SN-benzene with sodium methoxide in dimethyl sulfoxide solution at room temperature. The reaction mixture was poured onto crushed ice, and the pale yellow crystals of nitr~-~~N-anisole were removed by filtration.
p-DinitroJ5N-benzene (labeled with 15N in one nitrogen) was prepared by diazotized p-nitr~-~SN-aniline according to the procedure given by Hodgson, et ai. 28 p-Nitro-15N-benzonitrile was prepared from pnitro-15N-aniline by the Sandmeyer reaction in a manner analogous to that previously described by Bogert and Hand.27
The yield was almost quantitative.
as described previ0usly.'~2~ Most of the following compounds were prepared on a 0.5-g. scale.
pNitroJ5N-acetanilide was prepared by the nitration of acetanilide with 38% nitric l5N acid (Merck Sharp and Dohme 97% l5N), according to the procedures given by VogeL23 pNitro-l5N-aniline was obtained by the acid hydrolysis of p nitro-16N-acetanilide. 2 3
Nitrobenzene-l6N was prepared by the nitration of benzene with 38% nitric-15N acid according to the method given by VogeL2* p-Bromonitroben~ene-~5N was prepared by the nitration of bromobenzene with 38% n i t r i~-~~N acid according to the method given by Voge1.25 p-Chloronitroben~ene-~~N was prepared by the nitration of chlorobenzene with 38 % nitric-16N acid using similar conditions to those in the p-bromonitrobenzene-15N preparation.
